The performances of tetracycline based cation selective polymeric membrane electrodes of many sets with different plasticizers were investigated as the selectivity of ion-selective electrodes and optodes are greatly influenced by membrane solvent and also controlled by plasticizers. The membrane 1 with Bis(2-ethylhexyl) sebacate (DOS) and additive shows good potentiometric performance toward Ca 2+ (slope: 27.8 mV per decade; DL: −4.52) including selectivity. Contrastingly, membrane 4 with Dibutyl phthalate (DBP) shows nearNernstian response, it has also shown the best measuring range and detection limit for Ca 2+ (29.5 mV and −5.10) and Mg 2+ (24.4 mV and −5.04) and the least selectivity has been also observed between Ca 2+ and Mg
Introduction
The development of electrochemical sensor for direct monitoring of key ions in various matrices is a rapid growing avenue of analytical chemistry. 1 Now-a-days the carrier based ion selective electrodes (ISEs) are one of the most important groups of chemical sensors, and a PVC-based membrane electrode is a typical example: it is readily prepared by small amount of electroactive compound, (ionophore and lipophilic salts) into solvent polymeric matrix and plasticizer. 2, 3 Each components have the role for developing successful sensors and the selectivity is mostly relied on the molecular recognition ability of ionophores.
The metal binding antibiotics are very attractive choice as cation selective ionophores and have many examples. [4] [5] [6] The tetracyclines (TCs) could be very good candidate, since they showed great affinity towards Ca 2+ tends to form more voluminous ion-ligand complex stoichiometry and its larger radius.
10,11
Thus we prepared many set of membrane electrodes with different plasticizers, and also described the membrane composition dependent selectivity changes toward Mg 2+ ion.
Experimental
Reagents and Apparatus. The tetracycline (TC) used in this work was purchased from Sigma (Saint Louis, Mo). Poly(vinyl chloride) (PVC), various plasticizers viz Bis(2-ethylhexyl) sebacate (DOS), 2-Nitrophenyl octyl ether (o-NPOE) and Dibutyl phthalate (DBP), and potassium tetrakis (4-chlorophenyl borate) (KTpClPB) were supplied from Fluka (Ronkonkoma, NY). All other chemicals including nitrate salts of examined cations and solvents were analytical reagent grade and used without further purification. Standard solutions and buffers were prepared with the use of de-ionized water.
UV-Vis spectra were obtained using Perkin Elmer UV-Vis spectrophotometer (LX20-000B) and NMR spectra were obtained using Bruker 400 NMR spectrometer with DMSOd 6 as a solvent.
Preparation and Evaluation of Polymer Membranes and Electrodes. PVC matrix membranes were prepared 12 The mixture of ionophore, PVC and plasticizer with total weight of 200 mg was dissolved in 1 mL THF. The solution was cured to produce an elastic membrane. A small disk of 5.5 mm diameter was cut out from the resulting PVC membranes and then mounted into the electrode bodies (IS-561; Glasblaserei Möller, Zürich, Switzerland). The specific membrane compositions are summarized in Table 1 .
The potentiometric behavior of the membrane electrodes were evaluated with conventional ISE configuration. Selectivity coefficients were estimated according to the separate solution method at an interfering cation concentration of 0.1 M. 13 The detection limit and slope of the membrane electrodes were obtained from the calibration plots ( Fig. 1) using the recommended procedure. 14 
Results and Discussion
Many researchers have reported very high affinity of TC toward Ca 2+ and Mg
2+
. 7, 8, 15 We found that both of Ca 2+ and Mg 2+ shows very good reactivity to TC and it was checked with UV-Vis spectrophotometer (data not shown here) and C
13
-NMR (Fig. 2) . From UV-Vis spectra, we confirmed that the TC and Mg 2+ is very well bound together as 1:1 ratio in solution like Ca
2+
. From C 13 -NMR, we found the bonding sites of TC with Mg 2+ are -OH attached to C1 and C12, which is different than biological system (C11 and C12 in biosystem). 16 The proposed stereo structure of Mg 2+ bound TC is shown in Figure 3 . With spectroscopic data, we concluded that TC and Mg 2+ could be very well bound together in solution, but it might be interfered by the mobility of Mg 2+ ion in membrane. The basic PVC membrane electrodes (membrane 1 and 2 in Table 1 ) incorporating TC were prepared and its potentiometric performances as cation selective electrodes were reported in our previous work. 9 According to those data, the PVC electrode based on TC exhibits a good Nernstian response (26.6 mV/dec) for calcium ion (Ca , since Ca 2+ tends to form more voluminous ion-ligand complex stoichiometry and its larger radius.
2,10,11 Based on previous reports, no clear cut rule can account for all the selectivity of Mg 2+ over Ca 2+ by membrane compositions, such as plasticizers, and thus we prepared many set of membrane electrodes with different plasticizers. The potentiometric performances of the membrane electrodes examined in this experiments (listed in Table 1 ) are summarized in Table 2 . As shown in Table 2 , both of membrane 1 and 2 show very good responses to Ca 2+ and membrane electrode with lipophilic additive has better over all performance than without additives as Ca 2+ ion sensor. Addition of additive gives more response to Mg 2+ too, because it increases the mobility of cations to membrane.
The selectivity of solvent based polymeric membrane has determined by the difference between the standard free . The potentiometric performances and selectivity could be related to three factors: Firstly, the dielectric constant of membrane, secondly the structural difference of plasticizer and finally, association of ion-pair. The more lipophilic plasticizers are less selective towards Mg 2+ compared to Ca
. Thus we might control the selectivity between two divalent cations. The ISE performance of membrane electrode could be related to association of ionpair, because complexation might be prevented in the polarity and sterical effect of membrane. However, the association between divalent metal ion and ligand is not prevented in DBP based membrane. Thus we need further studies of complexation properties of metal cations and TC in solvent.
We investigated the usage of the membrane 1 and 4 together to flow system for simultaneous determination of the concentration of Ca 2+ and Mg
. The results were depicted in Figure 4 . ) were applied successively into the both ISEs through flow system. As shown in Figure 4 , we can determine the concentration of Ca 2+ by ISE with membrane 1 without interference from Mg
. We can estimate the Mg 2+ by subtracting Ca 2+ concentration from the mixture, obtained from ISE using Membrane 4. In this way, it shows the possibility of measuring both ions simultaneously in the mixture by ISEs with same ionophores. 
